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APS tKACT OF TJ Hi DISCLOSURE 
Atj tilecttocle device lor electrical 1/ heating underground 
deposits of hydrocarbons such as oil saurl or oil sdbIo, P Jural 
well pipe sections are joined through insulated pipe joints with 
an electrode coimeCted through one u£ the insulated pipe joints 
$ to a lower one of the pipe sections. Each of the insulated pipo 
joint 5 includes a first tubular member having a flange portion 
at oue fend thereof, d second tubular member having a cap portion, 
at one end ifhich is received in the flap go portion of the first 
tubular member with a gap th.ere-between , and an insulating member 
10 disposed in the gap lor hermetically coupling the first and 
second tubular members and for gIgc. trie-ally insulating first 
and second tubular mambQrs from one another. 



BUiCTROOE DEVICE FOR KLSCTEUCALLY HEATING 
UMDliRUitODND DEPOSITS OF HYDIUXIAUROHS 

BACKGROUND OF THE INVENTION 
The present invention relates to an electric device 

* r 

used to electrically heat unu" or ground deposits of. hydrocarbons. 
More specifically, the present invention relates tti an electrode 
5 device which is usad to supply eloctrica.l power to mi underground 
deposit thereby to heat the hydrocarbons present in the deposit 
to cause them to have a iSpwer viscosity and higher fluidity in order 
to mere easily remove' them from the yell. 

Tho term ''hydrocarbons" as used hereinafter means 

10 • petroleum or oil, bitumen containod in oil sand [also called 

"tar sand 11 ) and kerogen contained in oil shale, These will all 
be referred to as 1t oil" for simplicity. 

If the oil in the underground deposit lias sufficient 
fluidity it is possible to extract the oil through the well 

15 eithar by gas pressure coexisting in the oil layer or by forcing 
a liquid such as brine into one well to forco the oil to flow 
out of another well. However, should the underground oil have 
low fluidity, it cannot be extracted until the oil is made mora 
fluid. A general method of making the oil fluid is to heat the 

ZD oil thereby to lower the viscosity of the oil. The temperature 
suitable for this is different for different types of oil. 

There have hoen proposed as oil layer heating methods 

i- - 
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the injection of hot water or water vapors at a high temperature 
under a high pressure, supplying electrical power to the 
underground deposit, underground combustion in which the under- 
ground oil layer is ignited vrith a supply of air so that it may 
S be burned, and the jise of e^losives. The last two methods are 
difficult to CQUtTDl so that thoy are not. in gcmoTal usb. 

According to the method of injecting the hot water or 
water vapor it a high t&mperaturo and under a high pressure, 
the oil layer is heated to enhance the fluidity of tho oil to 

10 ' cause the fluid oil to flow out to the ground surface. If, how- 
ever, some regions of the oil deposit have a low -resistance to * 
the flow of hot water or v/ater vapors or there are voids in the 
oil layer , the* water or vapors may colloct In these regions and 
fail to diffuse throughout the whole layer. Moreover, if the 

15 oil layer is solid and dense w the hot ^ater or its vapors will 
again not diffuse so that the oil layer cannot be heated. 

Heating by the supply of electrical powar is perfumed 
by drilling a plurality of wolls in tho oil layer and "by establish- 
ing potential differences between electrodes disposed in the 

20 wells so that the oil layer is beared by its resistant to the 
electrical current which flows therethrough* This technique is 
advantageous in that the oil layer can be vholly haatad with easft 
even if it has voids or is solid and dense. However, another 
device is required for pumping up.: the fluid oil, 

2S For improving the oil producing efficiency, there has 
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further been proposed a Fiothod which includes a first step of 
beating the oil layor by electrical resistance heating and a step 
of injecting hot water or water vapors at a high temperature And 
under a high pressors when ths qU layer becomes soft, while con- 

S timiihg the heatirfg so that the resultant fluid ail may be pumped 
out. In order Co efficiently heat the oil layer t tho electrode 
device must be sufficiently electrically insulated that the leak- 
age of eltctxicftiiy current into underground portions other than 
the oil layer is avoided as much as possible. Tho elect- vote de- 

10 vitio Is also required to be unbreakable with respect to the under- 
ground soil pressure, the pressure of th« vapors which are gener- 
ated by the heating operation, and the pressure of in jet Led hot 
water or hot high pressure water vapors. The electrode doyic» 
is further required to be free from leakage of hot water or hot 

IS high pressure water vapors . 

fn order to explain, the electrode device of this general 
type more fully, an example in which the oil is extracted from 
oil s*3nd will be described. 

Oil sand, also called "tar sand", is present in large 

20 quantities in Canada, Veneiuela and the United States. 

The oil in the oil sand is typically mixed with brine between ' 
sands in deposits. Moreover, it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of the oil sand may be 

25 partially Exposed in a valley or at the banks of 
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a river but U< wost often located out truly undoxy round at a 
depth,, of 200 to 500 ja wb-iiH having a fchi.uk/ifc53 of several tens 
o£ .meters, b\ie to consideration Of economy and environmental pro- 
tection, it is necessary to separate out the oil undcrcronnd and 
to extract only the oil from the well. Moreover, since the 
extraction of oil from a shallow underground layer is accompanied 
by a danger of subsidence, if. is desirable to extract oil only 
from underground layers )yirwj deeper than 300 ju. 

Further aspects of the background o± the Invention and 
the invention of the present application are described wi Uh 
the assistance of the accompanying drawings in* whJ.ch: 

vig. 1 ia a schematic sectional view showing a 
convent ional prior art installation of the general type with 
vhich the invention is utilised; 

Hig* 2 is i\ cross-sectional, view of an insulated pipe 

>oint of the invention; 

Fig* 3 is a oross- a actional Vietf showing Bfcvor&l joined 
pipe sections, an electrode and insulated pipe joints in accordance 
VJith the invention r and 

Pigs'. 4-7 are a' series of cross -sectional views 
illustrating the use of. insulating coating* in accordance with 

the iiivduitiott- 

Fig. 1 il In strata is the' heating of an oil sand layer. 
by e lac tr odea coupiud to □ power supply. In Pig* l. reference 
numerals 1 and 11 indicate main guide pipes made of steel. 2 
and- 12 indicate- insulators joined to the main guide pipes 1 and 

11 , 3 and 13 indicate electrode* joined t D thee insulators 2 and 

12, perforations axe formed in the electrodes 3 and 13, and 4 and 
14 indicate cables for feeding an electric current to the ele- 
ctrodes 3 and 13. This assembly ia hereinafter called together the 
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'electrode devi<:e". Reference nnraerai S indicates ci power 
aOurec, 6 indicates an oil 3cmd leyer r 7 indicates an uleetric 
current flavins between tho electrodes 3 and 13, B indicates the 
grouucS Burfuce, 9 indicates an overburden layer,, and 10 in- 
dicates a layer beloiv the nil santi layer. 

When a voltage is pi i.ed to tho e.i.actrodcc 3 a^d 
.1.3 which arc buried in the oil Rand layar 6 from the power 
source 5 through the cables 4 and 14, tho current 7 flows in 
accordance with the electric: res i s Lance of the oil sarid layer 
6 as a result 
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of which the oil sand layer 6 is heated by Joule or resistance; 
heating. Although, the current 7 paztaally flows into Cho over- 
lurdBn layer & and the layer 10, the leakage is maintained at a 
low level because the insulators 2 and 12 are interposed between 

5 the main guide pipes 1 and 11 and tha electrodes S and 13. After 
the oil sand layer 6 has been warmed p the pow&r supply is inter- 
rupted. Hot water or water vapors- at & high temperature under 
a high pressure are then forced from the upper inlet of 6ne main, 
guide pipe I of the electrode device and flow through the oil 

10 sand layer 6 until they corce out of the other main, guide pipe • 
11 carrying the oil, Jn order to improvo the flow rates of the 
hot water or the hpt pressure water vapors, perforations ar e 
formed in the electrodes 3 and 13. 

Since the upper portions of the insulators 2 and 12 

IS are connected to the main guide pipes 1 and 11 and the lovor 
portions are connect Dd with tha electrodes 3 and 13, a down- 
ward tensile str&ss is always applied to the insulators. More- 
over, since che assembly can be at a temperature as hi^h as 
250*C to SOO^C, the insul»tors should bo ahl.e to withstand such 

20 temperatures. Also, since th» insulators 2 and 12 are buried 

underground as dcjsp as several hundred meters with the electrodes 

1 and 13 suspended flrom their lover ends Kith the upper ends 
thuveoi; connected to the main guide pipes 2 and 12, the insulators 

2 and 12 will almost certairiLy contact or collide with the well 
25 walls whilo they arc lowered into the ioell. Because of the 
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groat total weight, any slight contact will impose a hi^h juticha- 
nical impact: upon the insulators 2 and 12. Therefore, the 
insulators 2 aad 12 stc required to be able to withstand anticipated 
levels of mechanical impact * 

5 In an electrode device which heats an oil sand layer 

when it is supplied with an electric current, a major problem is 
that the olcctric resistance in the oil sand layer is approximately 
equal to the overburden layer. Since these electric resistances 
differ depending on place and conditions, they cahtiol generally 

10 be precisely stated. Hutfov«r > avorage values are IDtift-jn For 

the oil sand layor and Ttfl0-150a-m Tor the overburden layer. As a 
re-sult 7 if an electric current is supplied* to two electrode devices 
which are constructed by conne-ctiaig electrodes to guide pipes n^de 
of steel pipes and by disposing those electrodes in the oil sand 

15 layer, TOO-st of the c\irrent Kill be consumed in the avCxburden 
layer. In order to avoid this problem, it is necessary either 
to cover the surfaces of the guide pipes with an insulating coating 
or to Insulate the electrodes from the guide pipes. 

Various attempts have been made to provide insulators 

20 which satisfy the afureiae tnioned requirements. In one such 
jtttcjnpt, flanged tubular members made of metal ar& coated with 
en organic resin which provides a high resistance to heat* An 
appropriate material is polytetraf luoroethyl e-n«J resin (£ot example 
"Teflon™" -which is trade name of du ?ont) . With this 

25 construction, insulating members are provided which are 

satisfactory in theiT ability to withstand a suspending load 
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and mechanical impact forces. However, itlm-s proved quite diffi- 
cult to coat the flange- pnrti ons satisfactory with the insulat- 
ing Qiaterial. Moreover, even if sati.s factory insulating char- 
actevistics are provided at ruoui toiapeTature, the insulating 
5 coating has a tendency to separata, especially around the flange 
portions, duo to repeated theriWt expansion and coTi.tr action 
such hs is typically encountered in normal operating conditions 
If the insulation coating is brolcon or caused to flake off, the 
insulators thus, produced become useless, 

10 in a second attempt , porcelain iiiataiial has been used 

for forming the insulators , However, it is also necessary in 
Constructing the insulators to take into account the requirement 
for providing water and oil tight characters tics with respect 
to the connection between this main guide pipes 1 and ll and the 

IS eloctrodes 3 and 13 as well as between the inflating member. 
Tho connection has generally been made by shrink fitting metal 
pipos on the outer peripheral surface of tha porcelain pipe and 
then connected with other metal pipes ordinary techniques sucb 
as voiding or attachment with holts. With this construction, 

20 although the wall or oil tight characteristics may bo acceptable 
at room temperature t the strength of the shrink- fitted joints 
tends to drop as the temp oritur e is increased so that the ani- 
lity to support the suspended load is correspondingly lowered. 
Moreover, breakage of the porcelain may taken place as a result 

25 of the stress imposed upon tho leading end portions of the ahrinli- 
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fitted areas* order to eliminate such drawbacks, there has 
beet* proposed thy use of a porcelain pljie having ends formed 
as fjHJig? portions with the flanga portions fastened to metal 
pipes with packings interposed between the contact syrPaceF. 
5 With this construction, the above- stated requirements a re met 
at room temperature. However, the water and oil tight scaling 
tends to deteriorate upon repeated thermal oxpansicra and con- 
traction. Moreover, porcelain -intrinsically lacks strength 
against mechanical impact farces. Thus, it has a high tendency 

10 to be broken by a. mechanical impact force such as is ordinarily 
encountered while thf> assembly is lowered through tho well. 
Thus, tho provision of a porcelain insulator suffers fTom the 
unavoidably defect that there is a high tendency of breakage. 

Vet further , insulators foimod Df organic polymeric 

IS compounds have been proposed. Although such compounds may have 
£i high strength at room temperature and are. quite good electrical 
insulators, roost of the compounds of this general class are not 
particularly heat resistant* Spe*ci f i cally,very few compounds 
of this. type axe known which are resistant to hot water or watci k 
vapor al high temperature and under high pressure* 
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SUMMARY OF TUl > JW Vt N TTON 
In accordance tfith tho invention, there is provided 
an clottrode device for electrically heating underground deposits 
of hydrocarbons including a plurality of well pipe sections > 
5 an electrode adapted to be disposed in an underground deposit 

of hydrocarbons for supplying on electric current to the under- 
ground deposits, a plurality of insulating yipo ji>ints exch 
including a first tubular member having a flange pox t ion at one 
end thereof, a second tubular member having a cop portion at 

10 one end thereof adapted to be received in the flange portion 

of the first tubular mer&bQT ivitb a gap therebetween and an in- 
sulating member* disposed \v the gap between the flange poTtion 
and the cap portion for hermetically coupling the first and 
second tubular members while electrically insulating them from 

IS one another And with the insulating pipe >pints being usod to 

couple at least some of the pipe sections together and the elec- 
trade to an© of the pipu sections, and a cable connected to the 
electrode for supplying an electric current thereto. 

At least some of the insulating pipa joints can bo 

20 interconnected. The insulating member of each of the insulated 
pipe joints includes a first Insulating portion disposed in the 
£ap bett/euu the flange portion in tbc tap portion and SCCOnd 
insulating portions disposed adjacent inner and outer surfaces 
of the tubular members with the first and second i3is>ulatln& por- 

25 tions being formed integrally with each other. Preferably, the 
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1 insula bing member of earch of the; insulated pipe . jOiutCi it; JRado 
of a glass -jnicn molding .Corned from powders of glar.p, and mica, 
An insulating coating way be provided on at least A portion of 
the outer* oarHace of the insulated pipe }ointf:. This coating 
iftay be a re a in' of. polyte trail uorou thy lenu r a resin of diphenyl 
oxide. Moreover, a protective layer of insulation can be 
provided around at least a portion of the insulating coating* 
■The protective lay^r may be an inexpensive material »uch as 
polyethylene, poiyprooylenii or polyvinyl chloride. 

10 Further objects and advantages of the invention will 

appear froio the following description taken together with the 
accoiftpan ied drawing b . 

EESCftlVTXON Of VltR PREFERRED ZmOVlWEWM. 
in accord titles with the invent ion , there ic provided 
an eleutrical treating electrode device which is entirely free oL 
the above-mentioned drawbacks* A preferred embodiment of 
the electrode device of- the Invention will be described in detail, 
txtBt, with rtt.Coronc£ to Fig. 2 which shows a crocs -sectional 
view of an insulated pipis joint 21 whiuh is Utilized with the 

10 electrode do vie D ot the invention. 

The pipB joint gonor&lly doDignatcd 21 in Figure 2 
comprises lour basic elements i 

a lirat tubular member 27, a second tubular member 33, 
a cylindrical sleeve- like cover member 2$, and an insulating 
member 35. . 

vhe first tubular JTiOAibor 22 comprisec a cylindrical 
tubular portion 23 with a radially outwardly extending flange 
portion 2 A at a lower eix! at? ehowxi. 

The second tubular member 33 comprised a cylindrical 
30 tubular portion 30 with a radially outwardly extending hub portion 
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I 25 at an upper shown* The intoxior diameter of tubular 

portion 30 of the second tubular n*eiubex 33 n.9 show identical 
to the interior diameter, of tubular portion 23 ot the fixst 
tnbulat Tflcmbtfr 22 . 

Hub portion Zf* of the 2nd tubular member 33 is provided 
with an internal annular recess 31 as ihewn. Huh portion 25 
is also provided with external thread b 32 which mate with 
threads 29 .on cover member 29 to be decor ibed, 

Sleeve -like cover member 29 comprises a cylindrical, 

10 tubular, drum-like portion 26 with, internal threads. 28 at one. 

lover end as shown in Figure 2 and a radial? y inwardly extending 
cap portion 27 at the other upper end* As shov/n, tubular portion 
26 has a larger iilturnnl diameter that the external diameter 
o£ flange portion 24 of the first tubular member 22 bo as tD 
provide a gap therebetween to be occupied by insulating member 
3b- Cap portion 27 of cover member 29 has an internal diameter 
larger than the external diameter of tubular portion 23 of the 
first- tubular member 22 so as to form a gap therebetween Tha in- 
ternal diameter of cap portion 27 is sioallex than the external 

20 diameter of fTicmuu portion 24 of the first tubular member 22. 

preferably the first tubular member 22, secontf tubular 
member 33 and cover member 2& are m«do frora steel. 

Insulating member 35 include* an. outer . circumferential. l.y 
insulating portion 36 which surrounds external surfaces of 
tubular portion 2? of firat tubular jnember 22 and an inner cir- 
cumferential ly insulating portion 37 which fits inside the internal 
annular reqesfl 31 of hub portion 2,5 of the second tubular member 
33. The innor insulating portion 37 has the same internal 
diameter as that of tubular portion 30 of the second tubular member 

3D 33, Ab may be- seen, insulating* jnembar 35 comprises an integral 
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j member extending from portion 36 thereof to portion 37 thereof,, 
integral insulating member 3!i cfcus spaces surfciuus O^ the Circst 
tubular member 22 from surface* of second tubular member 33 and 
cover member 29 by a yap occupied as seen in figure 2 by insulating 
member 35. Insulating member 35 insulate a first tubttLax iwerober 
22 from contact With £©cOi]d tubul&X member 33 and cover member 
2£>. 

Wxvh cover member; 29 screwed down onto second tubular 
member 33 as shown in Figure 2, flange portion 24 of first tubular 
JO member as encased by insul.at5.ng member 35 ia sandwiched between 
cover iftciobcr 29 and the upper end of hub portion 25 of the 
second tubular member 33, whereby insulating member 35 way form 
a hermatic *?eal between fir&t tubular meenbex 22 and second tubular 
rocjftber 33, 

ity screwing cover member 29 onto, second tubular 
member 33, first tubular member 22 may be firmly, seaiahly coupled 
to second tubular member 33 yet irtsulntiveiy lsolst^d. therefrom. 

in assembly, first tubular portion 22 may be inserted 
through cover member 29 following which covex member 2? may be 
20 £Crci*2;d onto second tubular portion 33. The insulating member 
35 may be. seen to occupy a gay? between the first tubular member 
22 and the combination of the second tubular member 3 3 and cover 
member 2&. 

Preferably/ the entire insulating member is made of 
a centpa ait ion of glass ftftd fill C a and is formed by a molding pro- 
cess . The insula ting member is formed by heating a mixture of 
powders of glass and mica to a sufficiently high temperature 
that the mixture become b fluid* Once the mixture is fluid, it 
i& pressure molded Xising a mod.fl of appropriate Shape. The for- 
3° roation of the insulating member 35 V7i.ll be deacirbed In jmorc 
de tail.. 



The firafc Lmbylar member 22 and th« second tubular 
member 33 are assembled to be positioned aft shown 5.u Pi?. 2 and 
axe tl\p.n heated to a predefccrAiined temperature. The t»o tubular 
membure ai- the elevated temperature eitc fitted into a T^old, 
ftext, a mixture of glass and mica powders is pre^rcd by pre- 
molding tho mixture into the farm of a preliminary molded Jiiember 
of a cylindrical shape which will fit in tho gay between the 
tubular portion 23 of tbe first tubular member 2'i and cover member 
2$. The preliminary molded Jiiembe-r is he ft tea to a predotoxtnined 
temperature And fitted in the in a heated condition » Next, 

a pxee&ure ie applied to the preliminary molded member before 
it cools to force the- material of the aarfbe-i' to 1'iQv: into the 
gap between the- £ir£t and second tubular members and into the 
interna.!, annular recess 31 in the second tubular member 33. 

JTor the material of tho preliminary molded mambor r 
45 vtt% of. glass powder prepared by pulverising a glaze need for 
enamel coating steel object*, co/oroarcially available- : as Product 
flo. 2312 of Nippon Ferxo, Atd. f to a ei&e of 2 00 mesh mixed with 
55 wtQ of mica poflder of synthetic phlogopo.ite of a size of 
60 to 200 mesh. 5 wtS of water if? added to the resultant mixture 
tO.tfet it SO .it can be molded. 1500 gm d±' the Netted mixture 
is molded using a cold pressure* molding pro cess to form q cylin- 
drically shaped body uaing a mold (not shown) . Tho preliminary 
molded Member was disposed in a drier at 120°C for two hours 
to dry it prior to its use in forming the insulating member 35 * 

Ah described above/ the covbi; member 29 and the, hub 
portion 25 are- joined by screw threads. However, the invention 
is not limited thexeto as tlic cover member 29 an<l the bub por- 
tion 25 can be }oined by gelding. 

Xn an alternate embodiment, the cap portion 27 of 
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t the cover member 29 i» divided inlio four quadrants two of which 
axe removed, *j?he flange portion 24 of the first tubvilar .raeiober 
22 if; i;ben out suuh that the remaining part oC the rlangts portion 
24 can fit through tht? two rtiinovod quadrants u£ tho oeip portion 
27 so that the flange portion 24 can be located under the cap por- 
tion 27 of the cover member 25. 

Wi tb fche insula Ue<3 p5p* joint described abova, a ten- 
sile force imposed on the ends ox tha joint is converted into a 
compressive force which nets between tbe cap portion 27 zind 

1° flange portion 24, Since the compression RUength of the -insulating 
raeiabor 35 of the type do scribed is much greater than 5.ts tensile 
strength and since the force por unit area can be suitably set 
by adjusting the extent of tho area on which the compressive 
forces arc applied, the resulting assembly is quite strong and 
able- tD ifithtftanci hitfh te-a^ile forces imposed on the ends of the 
joint* 

ht high temperature^, for instance 300°C, the? heat 
resiictant char ac tori jctics of the insula trine? member are primar ily 
•determined by the thermal character i sticks of the glass material 
10 uaed as the starting material. Particularly, the transition 
temperature of this material is important > if the transition 



30 



«14- 



1168^83 



temperature l*. for instance , i« a range of 55 D ,fc C to 600 °C. 
a hi£h mechanical strength for the overall assasnMy will be 
preserved to a temperature of at least 300*C. 

Xith inspect to the resistance to mechanical impact 
forces, the mica powder which is used to form the Insulating 
meiptiftr is composed of particles having, a flat shape wherein, 
the ™tio of the diameter to the thickness of a single scaTe 
particle i* generally in a .range of 30 to 50:1, Due to the 
presence of the scat* particle?, the molded insulating membov 
has a laminated form thereby providing it with a hifch elasticity . 
This high elasticity would not "be prese-nt if the insulating 
member were formed only of glass powders. Due to the laralnated 
construction, the insulating member is provided with a much 
greater resistance to repeated temperature changes ai>d mechanical 
Impact forces then is a prior art type of insulating raemher made 
of an inorganic compound. Therefore-, the insulating membeT 
produce** in accordance with the invention is sufficiently strong 
that it can withstand the typical impact forces which arc en- 
countered during the use of the structure. 

Naxt* the construction of a preferred embodiment 
of an. electrode device of the invention utilising the above- 
doscribetf insulated pipe joint 21 Tfill be given vith reference 
to Fig. 3. Reference numerals 1 to 4 used in Tig. 3 indicate 
similar components as those of Fig. 1. The Tight band half of 
yiXs 3 shows the completed structure of the insulated ?ipe j° int 
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21- As s>iowti in the figure, the tabulating member 2 includes 
+kd insulated pipe joints 21, One end of the insulating member 
2 is connected to the pipe 1 and the other to the electrode 
3. These connections may bp mndo hy well -known techniques such 
as molding ox by the use of screw threads. 

As, in accordance with the invention, the completed 
insula, tod pipe joint 21 has a common throughhole of cnn^t&nt 
internal diameter, the assembly and use thereof is quite easy. 
Tor instance t the provision of the above-described partitions 
is quite simple. Of course, mare than twn insulated [>ipO joint A 
21 can be provided as needed. Also, one of. the pipe joints 21 
can be connected directly to the pipe 1. 

Tf needed, such as in the case {it in© hai'inp a high 

salt concentration is used, the outer surface of the insulated 

pipe joint 21 can be covered with a coating 41 of an organic 

substanco having a sufficiently high heat resistant property. 

This is shown in the Icfthand paTt of Pi£. S. For example, the 

TM 

coating 4* can be formed by shrink fitting a "Teflon M tube. 

to described above, in accordance with tho Invention, 
tho pipes and tha electrodes arc connected through the insulated 
pipe joints. Tensile forces applied at the ends of the insulat- 
ed pipe Joints are converted into compression forces vhich act 
between the cap portions and the flsuige portions thereof. Since 
the coiup-rossici) strength of tho insulating- member is much greater 
than the tensile strength thereof, the overall electrode device 
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Of the invention has h qui to high mechanical strength and tan 
withstand high pressures and strong mechanical impact forces 
50 that it can be used under sdwtc operating conditions often 
encountered in oil veil application. 

Yet further* the coating 41 and the insulating members 
2 and 12 of the electrode can be formed from, othar materials. 
To determine what materials are best for these members, tests 
were conducted to investigate the resistance of various organic 
polymeric compounds to hot waCer and water vapor at high temp "Tat tire 
and under high pressure. The compounds Investigated are listed in 
Table 1 herein* 

Regarding the tests, test pieces of each of the materials 
were placed in quartz test tubes filled with pn™ water. These 
test tubes were placed in s 2-litev autoclave containing pure 
water. The autoclave was held at 2SD°C at an internal pressure 
of 68 kg/cm 2 for a period of 10 days, Th» autoclave- was then 
cooled to a room temperature and the test pieces veto checked for 
appearance. The results arc presented in Table 2 from which it 
can be seen that hot water and steam had a much more adverse affect 
tha-n dry heat. Of the materials tested* only polytetraf luoroethylene 
resin and diphcnyl oxide vesin ware acceptable 

A coating of icater. and steam resistant resin can bo 
formad around the pipe 1 by TOpcatedly applying coatings of the 
raaterial and baking the assembly until the desired thickness is 
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obtained. Also, a coating or the heat Tesistant reUn can be 
forced by iiirst prepaTi"* a tube ol thr> resin having an Inside 
diameter slightly larger than the outside diameter o£ the pipe 
l:.and then slipping tbc tube over the pipe 1, If the resin 
is in the form of a shoot or tape, it m*y be wound directly around 
the pipe 1 mid then fusion -bonded i£ necessary. As described 
above, a heat- -shrink able tuhe of polytetraf luo ro ethyl erne can 
bo slipped over the pipe 1 and heated to fit it tightly to che pipe. 

As discussed above, whoo tbc assembly including the 
electrode is inserted into the oil wll, there is unavoidable 
contact .with the inner wall of the well so that tbc heat 
resistant insulating coating may be damaged- To prevent this, 
protective coating of insulation 16 may be formed around the 
insulation 15 as shown in Pig, 5. Since the protective coating 
tS of insulation 16 may melt or collapse if the electrode is 

exposed to hi*h tempera tmes, it can be made of an inexpensive 
material such as polyethylene, polypropylene or polyvinyl chloride. 

Typically, the total length of the guide pipe 1 is 
200 to 500 m. However, a single section of the steel pipe that 
makes np the fuide pipe 1 is only about 10 in in length, to join 
the pipe sections, each pipe section is provided with a taper 
thread on one end and the pipe sections are joined by screwing ■ 
them together. An insulating coating must also be formed aronnd 
the joined parts of the pipe sections and on the surface of the 
Z5 coupling. To accomplish this, as sho*n in Fig* 6, steel pipes 
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1A and lb are covered vitU the coaUng of heat resistant insulat- 
ing material ISA and I SB and arc joined by a coupling IV. A 
coating of heat Tristan t insulation 15C is fonned aTounrf the 
coupling extending into adjacent areas, A heat-shxinkable tube 
£ of a polytetrafiuDroethylene is particular]/ suitable in this 
case. 

To protect th« insula ting coatings from direct contact 
with the inner uaJl of the well, stoel pipe sections IA and IB 
covered with the coating of heat resistant insulating material 
15A and 1SB end protective coatings of insulation 16A and 16J5 
are first joined through the coupling 17 , Thereafter > the coupling 
16 is coated with the heat resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in the adjacent 
ai'eas as shucm in Fig, ?, 
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1A and LB are covered with the coating of heat resistant insulat- 
ing material 15A and 1SR and arc joined by* a coupling 17. A 
coating of heat Tesistant insulation 15C is formed aTDund the 
coupling extending into adjacent areas, A heat-shx Lnkable tube 
£ of a pDlytetrafluDroethyleue is particular 3 y suitable in this 
ease. 

To protect tha insulating coatings from direct contact 
with the inner va2l of the well* stool pipe sections IA and IB 
covered with the coating of hoat resistant insulating material 
^ ISA and 15 B and protective costings of insulation 16A and 16B 

are first joined through the coupling 17- Thereafter, the coupling 
16 is coated with the h»at resistant insulation 15C and then a . 
layer of 16C if formed 1 around the coupling and in the ad j anon t 
areas as shuc/n in Fig* 7. 



- 19 - 









o 




*H 








rt 


O 






« 




Si 


o 




Jl 


h 




(J- 








0 








1 




10 



V ft 

v o 

(fl ^ 4) 
CO 4-» 
bO L) cd 
Ei 'H i— 1 
•H cH 



to 



3 



"1 



4> 



4> 



3 

-J 



4-> 

a> 



o 

P J. 
- 

•H d O 



O 

§■ 



■H 
S-i 

o c; 



ca ^ ^ 

c: v -J 

O O ■ 

LP 



s 

fli 

a 
o 

hW 

cd f-H 

M &4 

O O 



+J O ift 
OHO 

d a*u 
m a 
o v. ^ 
a o « 

H >» 
U rt DO. 
« G) O U4 



C 

i 

C >- 

fl> ^ 

b ^ ^ 

i-h a> 
v >s S 

* k >> 

O —4 >-* M 

W n) Q 

cop* V 
3 U O 

m ^ b 
a* < x 

fl) 0) P (i# o 
H p. 0)*"* ^ 



o 
^0 



4 s 



o 



a> 



03 (1? 



- 20 - 







O 




-r* 




i* 






O 


Q ^ 








Tl P, 


o C 


D © 


«j o 


JC ^ 








(LI 


rt 














¥ 








in 












m 




c 








o 






o 








t3 












1 I 


o 









to 



3 



3 



o 

10 



CO 
i 



V-} 



113 



O 
Pm 



a (-1 

+> O i-J 

C3 P * 

JOX C 0 



52 >4 



a> 
c 
© 



-If 
i0 



a> 

-p 

CO 

c o 

•rl wH 

*A U 

0- (C 
£ -H 

u 

rl +J 

*H -H 

cr> £ 



O 

td O 



<& ^ 

O Q> 
4J £ O 

el rt »-t 

Mr-* O 

w v> 
5 u m 



CI 



IP 



- 21 " 



1166^83 

Table 2 



Sampl e A ppearance 

A OK. 

B " Turned into a lump* 

c no, 

D ' Collapsed 

EI OK. 

B2 Dd - 

F Do* 

G ' Tamed into a lump. 

H Glass whitened 

(Resin came apart) 

I DO, 

J Do. 
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WHAT IS C1.AIHUI) 

1. nn electrode device for electrically heating under- 
ground deposits of hydrocarbons comprising: a plurality of wt>ll 
pipe sections; an electrode adapted tt> ho dispnsod in an under- 
ground deposit of hydrocarbons for -supplying an electric current 

5 to s»id underground deposit; a plurality of insulated pipe joims 
each including a first tubular member having a flange portion 
at one end thereof, a second tubular member having a cap portion 
one *jnd thereof adapted to be received in so id flange portion 
of said first tubular member tfith a k&V thertbetweon, and an 
10 insulating member disposed in said gap between .sai.d flange /por- 
tion and said cap portion for hermetically coupling said iirst 
and ^occmd tubular member and for electrically insulating said 
first and second tubular members from one another, said insulated 
pipe Joints being operativcly disposed to couple at luast some 

IS of said pipe sections and said electrode vrfrile electrically 
insulating said at least somus of said pipe suction* and said 
electrode; and a cable connected to said electrode for supplying 
an electric current to said electrode* 

2. The electrode device as sot forth in claim 1 wherein 
at least some of said insulated pipe joints are iiiecreorinectcd. 

3. The electrode device as set forth in claim 1 n/hciuin 
$aid insulating member of each .of said insulated pipo joints 
comprises a first insulating portion disposed in said gap between 
said flange portion and said cap portion, and second insulating 
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portions disposed adjacent inner and outer surfaces of said 
tubular mesnbers,, said first and second insula Ling portions 
being formed integrally with each other. 

4. 'flic electrode device as set forth in claim 1 wherein 

said insulating member of oacb of said insulated pipe joints 
is made of a glass -mien molding forced from glass and mica 
potfders . 

Tho electrode device as set fgTth in claim 1 further 
comprising an insulating coating profided op at. least a portion 
of an outer surface of said insulated pipe joints. 
6. The electrode dovico as set forth in claim S. wherein 

said insulating coating isrpolyte-tran.uorDctbj'lene , 
f m The- electrode device as set forth in clatJH 6 v/heroin 

Said insulating coating comprises a resin of thermally slwinkable 
po ly t et r a f: luor o et hyl e ne . 

r. The electrode device as set forth in claim 5 vjhoroin 

said insulating coating comprises a res in of dipbBnyl o*ide. 

9, The electrode device as set forth in any of claims 5-7 
further comprising a protective layer of insulation .upon at : 
least a portion of said insulating coating* 

10. the electrode devicD as set forth in any of claims 5-7 
further comprising a protective layer of insulation upon at 
least a portion of said insulating coating, said layer of 
protective insulation comprising a material selected from the 
group consisting of polyethylene, polypropylene and polyvinyl clilorids. 
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11. An ctftctroflo Oov.lr.Fi for uloetr Really heating under- 

ground deports of. hydrocarbons comprising a plurality Of inters 
connected well pipe sections, <\n cl 00 trod a Eld ap ted to be di BpoBed 
in an underground deprinit of hydrocarbons supplying electric 
current to said underground deposit, at least one insulated pipe 
joint including a first tubuUr jneitibor comprised of a vrcll pipe 
section having a flange portion at one end thereof, u second tubu- 
lar member compiled oJ! said electrode di^pojaed in aligniuorit 
with said licet tubular mp.mber r a cover member carried by saitf 
second tubuleuC tutsiubcsr bavinci a cup portion fct one end theroo.t 
disposed in over lying relation to said f loflgc .portion obovO Sftid 
first tubular i&Oittb&r with a gap therebetween, an insulating member 
disposed in Said gap between a a id flango portion and uaid cap 
portion tor hermetically coupling said first and second tubular 
member and for electrically insulating said first and socs>na 
tubular members from one another, cable means connected to said 
oleotyod^ fur supplying an electric current to said electrode and 
em Insulating coating provided on at least an outer surface of 
said .insulating pipe ^oint. 
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